Aphaobius haraldi sp. n. from the mesovoid shallow substratum (MSS) of the Austrian Alps is described, illustrated, and compared with the closest species of the genus. The new species belongs to the A. kraussi species group, formerly including five species. It can be readily separated from other species of the genus by the large parameres, with an enlarged apical part, a unique feature among species of Aphaobius. The phylogenetic position of the new species is clarified using mitochondrial and nuclear data of four related species of Aphaobius, plus some representatives of related genera from the same geographic area. The diversification of the group was estimated to be recent, dating from the Pleistocene. New records and molecular data are provided regarding the enigmatic monospecific genus of the Austrian Alps, Lotharia Mandl, 1944, which was found to be sister to the studied species of Aphaobius.
Introduction
Aphaobius Abeille de Perrin, 1878 is a genus of hypogean beetles with a distribution restricted to Austria, Slovenia, Croatia and Italy. In a recent revision the genus was considered to have 19 species (Bognolo & Vailati 2010) . During a project focused on the study of the origin of Alpine cave ground beetles of the tribe Trechini (Faille et al. 2013) one of the authors (AF) sampled the mesovoid shallow substratum (MSS) of different localities in the Austrian Alps. In some of the traps he was surprised to discover a new species of Aphaobius in an area known to be one of the richest in species of this genus. The new species is unambiguously separated from all the other species of Aphaobius by the remarkable conformation of the parameres, which are wider apically. Using molecular data we construct here a preliminary phylogeny of Aphaobius and related genera, including the enigmatic Lotharia Mandl, 1944, collected at the type locality.
Materials and methods
Taxon sampling, Morphological study, DNA extraction and sequencing. The exemplars used in the study were collected by hand or by means of pitfall traps containing water saturated in salt or propylene glycol, known to preserve DNA (Rubink et al. 2003; López & Oromí 2010) (Table 1) . We used the same methodology of various recent works, e.g. Faille et al. (2010) . Extractions of single specimens were non-destructive, using the DNeasy Tissue Kit (Qiagen GmbH, Hilden, Germany). After extraction, specimens were mounted on cards and genitalia stored in water-soluble dimethyl hydantoin formaldehyde resin (DMHF) or included in a drop of Canada balsam on a transparent card pinned below the specimen. Photographs were taken with microscopes Olympus CH and We included examples of four species of Aphaobius occurring in the area as well as some examples of related genera of Alpine Leptodirini, including the enigmatic genus Lotharia (Table 1) . The tree was rooted on Pholeuonidius, known to belong to a different group of Leptodirini (Jeannel 1911 (Jeannel , 1924 Perreau 2000) but likely to be the sister of the Aphaobius lineage (unpublished results).
We sequenced five mitochondrial genes in four PCR reactions: 5' and 3' ends of cytochrome c oxidase subunit (cox1-5 and cox1-3); a single fragment including the 3' end of the large ribosomal unit (rrnL), the whole tRNALeu gene (trnL) and the 5' end of the NADH dehydrogenase 1 (nad1); and an internal fragment of the cytochrome b (cob). We also amplified fragments of two nuclear genes, the small (SSU) and large (SSU) ribosomal units. For some specimens the 3' end cox1 fragment was amplified using internal primers to obtain two smaller fragments of ~400 bp each (see Table 2 for the primers used). Sequences were assembled and edited using Geneious v6 (Kearse et al. 2012) . New sequences have been deposited in the EMBL database (Accession Numbers: see Table 1 ). Phylogenetic analyses. We aligned the sequences using the MAFFT online v.6 and the Q-INS-i algorithm (Katoh & Toh 2008) . We used Maximum Likelihood as implemented in RAxML-HPC2 (Stamatakis et al. 2008) in the CIPRES science gateway (Miller et al. 2010) , using GTR+G as evolutionary model and 6 partitions corresponding to the two cox1 fragments, rrnL+trnL+nad1, cob, SSU and LSU. Node support was assessed with 500 fast bootstrap replicas. To have an estimate of the divergence between the species of the group we also used Bayesian posterior probabilities in BEAST v1.8 (Drummond & Rambaut 2007) . Bayesian analyses were conducted on a combined data matrix using three partitions, the mitochondrial protein coding genes (the two cox1 fragments plus nad1 and cob), the mitochondrial ribosomal genes (rrnL plus trnL) and the nuclear ribosomal genes (SSU plus LSU), with a Yule speciation process as the tree prior. Analyses were run for 100 MY generations, ensuring that the number of generations after convergence were sufficient as assessed with Tracer v1.6 (Drummond & Rambaut 2007) and after removal of the burn-in fraction. To obtain an absolute calibration we used the rates estimated in Cieslak et al. (2014) for the same group (Leptodirini) and the same gene combination based on the tectonic separation of the Sardinian plate. We thus set as prior average mean rate a normal distribution with average 0.015 substitutions/site/Myr for the mitochondrial protein genes and 0.006 for the mitochondrial ribosomal genes, both with a standard deviation of 0.001. Due to the low amount of variation in the nuclear genes we did not use them in the calibration. Preliminary analyses with BEAST had difficulties with convergence when complex evolutionary models were used (likely due to the reduced number of taxa), so we implemented a HKY+G model for the two mitochondrial partitions and a TN93 for the nuclear one, with a strict clock. Scanning electron microscopy. For the SEM observations the head of a specimen preserved in absolute ethanol was coated with gold (Sputter Coater, Quorum Technologies Ltd., Ashford, England). The SEMmicrographs were taken in the Phyletisches Museum (Jena, Germany) with an ESEM XL30 (Philips, Amsterdam, The Netherlands) and Scandium FIVE software (Olympus, Münster, Germany). 
IBE-RA629 (IBE).
Diagnosis. The external morphology of the species is similar to that of the other species of the genus in the same geographic area, from which it can be readily separated by the conformation of the parameres, which are strongly dilated at the apex.
Description of the holotype. Length: 2.9 mm. General color yellowish-brown (Fig. 1) . Head. Anophthalmous (Fig. 2) . Antennae slender, all antennomeres longer than wide, eighth shorter but ca. twice as long as wide (Figs 3,4 ; Table 3 ).
Pronotum transverse, Width = 1.12 mm / length = 0.72 mm, largest width near base, sides moderately arcuate, parallel near base. Surface covered with clearly visible polygonal meshes, each containing a seta.
Elytra elongated, width (both elytra) = 1.36 mm / length = 1.9 mm, as wide as base of pronotum, largest widthTABLE 3. Aphaobius spp., antennae. Values (in mm) obtained by measuring male antenna, except for A. haraldi sp. n. for which the measurement of female is also indicated, to illustrate the dimorphism. Remarks. The morphology of A. haraldi sp. n. is typical of the genus Aphaobius: body shape stocky, median lobe of the aedeagus elongated and rounded at apex, moderately curved in lateral view, without dilatation of the male protarsi. Nevertheless, it can be readily separated from other species of the genus by the large parameres, with an enlarged apical part, a unique feature among species of Aphaobius (Fig. 5) . The shape of the apex of the median lobe is also characteristic, flat in lateral view, with a rounder apical part in dorsal view (Fig. 5) . The species belongs to the "A. kraussi group" sensu Bognolo & Vailati (2010) . This species group is characterized by parameres clearly longer than the median lobe, which is thickened at apex. All the species of this group occur north of the Sava river (Bognolo & Vailati 2010) (Fig. 6) .
The new species was discovered in a cold limestone MSS not far from the Slovenian border. This MSS had already been sampled by other authors, and it is known to host the remarkable cave Trechini Aphaenopidius kamnikensis Drovenik, 1987 (Drovenik et al. 2007 . Aphaobius haraldi sp. n. was collected in the deepest reachable area of the scree, by means of pitfall traps containing propylene glycol baited with cheese. The Agyrtidae Necrophilus subterraneus Dahl, 1807 was also found together with its larva as well as two species of Catops (C. tristis (Panzer, 1794) and C. subfuscus Kellner, 1846). 
Molecular phylogeny of the species of the Aphaobius kraussi group
The new species unambiguously belongs to the "A. kraussi group", which was strongly supported (Fig. 7) . Within it, it was recovered as sister (with low support) to the species pair A. mixanigi + A. brevicornis, although its external morphology is closer to A. mixanigi. Aphaenops milleri was clearly outside this clade, as expected based on its morphology and distribution (Bognolo & Vailati 2010) . According to our results, all the species of the A. kraussi group have a recent, Pleistocene origin (Fig. 7) . This recent origin may be reflected in their strong morphological resemblance, with few -but constant-differences between species. The extreme reduction of the length of antennae of A. brevicornis (Fig. 4) seems to be an autapomorphy of this species. 
The genus Lotharia
The species Lotharia angulicollis Mandl, 1944, the only representative of the genus, was described based on a single female. It is rather enigmatic because of its small size, external unique morphology and exceptional rarity. The description of the male led to the conclusion that this genus is phylogenetically close to Aphaobius (Perreau 2003) . The finding of another exemplar in the type locality allowed us to add this genus to the analyses, which confirmed its sister relationship with the genus Aphaobius. However, the inclusion of other species of Aphaobius, as well as Aphaobiella Pretner, 1949 and Pretneria Müller, 1931, would be necessary to determine more precisely the phylogenetic position of the genus Lotharia.
Aphaobius plus Lotharia are part of a strongly supported clade including Leptodirini endemic to the Western Alps, from Brescia (Italy) to Slovenia: Oryotus Miller, 1856 , Orostygia Müller, 1912 , Cansiliella Paoletti, 1972 and Pholeuonidius Jeannel, 1911 , the last one sister to the rest. Vailati (1998) identified as O. moczarskii Müller, 1912 specimens of Orostygia from Grotta Vecchia Diga (Italy, Pordenone, Valcellina). Subsequently, Piva (2005) noted that these specimens should be ascribed to O. rossii Porro & Quaia, 1969 , the name that we have used here.
The discovery of a new species of Aphaobius within the distribution area of A. kraussi was unexpected. A careful examination of other specimens of Aphaobius collected in the area would be necessary, especially the populations of A. kraussi from the Kamnik-Savinja Alps (Fig. 6) , to determine more precisely if the new species has a wider distribution, and if it may be syntopic with A. kraussi in some localities.
